VL30 DNA represents a retrovirus-like multigene family of mice whose genetic origin is unknown. We have now determined the primary nucleotide sequences and the adjacent sequences of the long terminal direct repeats (LTRs) possessed by a randomly selected VL30 unit. The LTR of the VL30 unit comprised 435 nucleotide base pairs and had an inverted repeat of five bases at its 5' and 3' termini. At the joints with flanking mouse DNA was the VL30 sequence (5')TG ... CA(3') and a tetranucleotide direct repeat of flanking sequences. At the inner boundary of the 5' LTR was an 18-base sequence that is complementary to tRNAPro, and at the inner boundary of the 3' LTR was a purine-rich tract ending with AATG. These results suggested that VL30 DNA used the same integration strategy that is exercised by retrovirus proviruses and transposable elements and that the VL30 LTR is synthesized in a similar way that the LTR of retroviruses is synthesized. The data thus reinforce the retrovirus-like nature of VL30 genetic information.
VL30 DNA represents a retrovirus-like multigene family of mice whose genetic origin is unknown. We have now determined the primary nucleotide sequences and the adjacent sequences of the long terminal direct repeats (LTRs) possessed by a randomly selected VL30 unit. The LTR of the VL30 unit comprised 435 nucleotide base pairs and had an inverted repeat of five bases at its 5' and 3' termini. At the joints with flanking mouse DNA was the VL30 sequence (5')TG ... CA (3' ) and a tetranucleotide direct repeat of flanking sequences. At the inner boundary of the 5' LTR was an 18 -base sequence that is complementary to tRNAPro, and at the inner boundary of the 3' LTR was a purine-rich tract ending with AATG. These results suggested that VL30 DNA used the same integration strategy that is exercised by retrovirus proviruses and transposable elements and that the VL30 LTR is synthesized in a similar way that the LTR of retroviruses is synthesized. The data thus reinforce the retrovirus-like nature of VL30 genetic information.
VL30 DNA represents a retrovirus-like multigene family ubiquitious in all murine cells. For example, over 100 VL30 units are dispersed throughout the genomes of certain strains of Mus musculus (6) . The origin of VL30 genetic information is not known since no homology has been detected between the nucleic acids of VL30 and those of any retrovirus tested, and no proteins encoded by VL30 DNA have as yet been identified. The list of retrovirus-like features displayed by VL30 elements includes the following. 30S RNA constitutively transcribed from certain VL30 copies is efficiently packaged in C-type virions. 30S RNA that is consequently rescued from the cell as a pseudovirion forms a dimer structure and can utilize an endogenous primer for reverse transcription (1, 5, 13) . Moreover, VL30 genetic information can be transmitted to other cells via pseudovirion infection (12) . We have previously shown that VL30 DNA shares a basic structure with retrovirus proviruses. Most notably retrovirus proviruses possess a long terminal direct repeat (LTR) of several hundred base pairs (7) . LTRs of retroviruses bear a unique relationship with respect to their RNA templates, namely, the sequence organization U3-R-U5, where U3 and U5 designate unique sequences derived from the 3' and 5' ends of viral RNA, respectively, and R designates a short, terminally redundant sequence present at both termini of viral RNA. The proximity of the DNA synthesis priming site to the 5' end of viral RNA and the reverse transcription "jumps" are key features in generating this unique sequence arrangement. It is not known whether VL30 LTRs are also generated through a similar mechanism.
The integration of retrovirus proviruses is a highly ordered process. The specificity in provirus integration is best manifested by the characteristic sequence arrangement at the integration junctions. Specifically, the site of union with host DNA is precisely 2 base pairs from the ends of linear proviral DNA, and a short host sequence at the integration site is duplicated during integration (3, 14, 17, 18) . The mechanism of VL30 integration is not known.
We reasoned, therefore, that determination of the primary nucleotide sequences and adjacent nucleotide sequences of VL30 LTRs might contribute to an understanding of the genetic relatedness of VL30 DNA to DNA of proviruses or other cellular elements. Specifically, we expected the nucleotide sequences at the inner boundaries of both 5' and 3' LTRs to be of particular importance since these are the putative primer binding sites for the minus and plus strands, respectively, of proviral DNA synthesis. In addition, we anticipated that the knowledge of the sequence arrangement at the junctions with mouse flanking sequences would provide insight into the mechanism of VL30 integration.
We have now determined the primary nucleotide sequences and the adjacent sequences of both LTR units of a randomly chosen VL30 copy. For this purpose we used a previously obtained phage clone derived from a BALB/c mouse embryonic library that contains a complete VL30 unit (8) . This clone was designated clone 3. We have previously reported sequence heterogeneity within the VL30 family (6, 8) . This heterogeneity also involves the LTRs (unpublished data). It should be noted, therefore, that the LTR whose sequence analysis is shown below was arbitrarily chosen from the collection of cloned VL30 units. Heteroduplex analysis was used to determine the approximate locations of the LTR units (7) . The transcriptional orientation of VL30 clone 3 DNA was determined as follows. 30S RNA was partially fragmented, and polyadenylic acid-containing RNA fragments were selected by chromatography on an oligodeoxythymidylic acid-cellulose column. Fractions of polyadenylated RNA of increasing size were pooled from a preparative agarose gel and used as templates for randomly primed cDNA synthesis (16) . Blots containing clone 3 DNA restriction fragments were challenged with these cDNA probes. Only DNA fragments residing at one side of clone 3 DNA (excluding the LTR-containing fragments) were detected by cDNA probes prepared from relatively short polyadenylated RNA (data not shown). This end was thus defined as corresponding to the 3' end of 30S RNA (Fig. 1) .
The sequencing procedure was initiated by digestion with a restriction enzyme that cut once within both LTR units and by determination of the sequences outwards in both directions beyond the points where the sequences of the 5' and 3' LTRs diverged. The points of sequence divergence defined the LTR boundaries (Fig. 1) .
The primary nucleotide sequence of the 5' LTR unit is shown in Fig. 2 . The length of the LTR was 435 nucleotide base pairs. Also indicated in Fig. 2 are the minor sequence differences observed between the 5' and 3' LTR units-an additional CG at position 330 of the 3' LTR and five single base pair differences clustered towards the 3' end of the LTR. VL30 LTR possessed a perfect inverted repeat of five bases with the sequence 5'-TGAAA-3' at its 5' and 3' termini (underlined sequence in Fig. 2) .
The sequence arrangement at the LTR junctions is illustrated in Fig. 3 . Analysis of these sequences revealed the following.
(i) Inner junction of the 5' LTR. Immediately adjacent to the 3' end of the 5' LTR was a stretch of 18 bases (5'-TGGGGGCTCGTCCGG GAT-3') which was complementary to the 3' sequence of prolyl-tRNA (11) . Retroviral genomes are known to contain at an identical position (i.e., at the 3' boundary of the 5' LTR) a tRNA binding site that serves as a primer for the synthesis of the minus DNA strand. This result suggested, therefore, that as for other mammalian retroviruses, tRNAPr may serve as a primer for reverse transcription of VL30 DNA. In fact, the VL30 sequence given above is identical to the 18 bases that follow the 5' LTR of murine leukemia virus (18), spleen necrosis virus (14) , simian sarcoma virus (2), and feline sarcoma virus (4).
(uH) Inner junction of the 3' LTR. Synthesis of the proviral plus strand begins at a position that defined the 5' boundary of U3. Although the primer for this event has not been identified, the priming site is always spanned by a purine-rich tract ending in AATG (19) . Adjacent to the 5' boundary of the 3' LTR of VL30 clone 3 was the sequence 5'-AAGAAGAAGTGGGGATT-GATG-3'. This purine-rich tract (17 of 21 nucleotides) was followed by AATG. Thus, there exists a strong resemblance between this structure and the structures located at identical positions in retrovirus proviruses.
(uli) Junctions with mouse flanking sequences.
The presumed locations of the joints between VL30 DNA and flanking DNA are indicated by the arrows in Fig. 3 . At the site of union with mouse DNA was the VL30 sequence (5')TG ... CA(3'). The same sequence was universally detected at the site of union of proviral DNA with host DNA (17) . Integration of retrovirus proviruses is accompanied by the loss of two nucleotides from the predicted ends of the linear DNA. The structure shown in Fig. 3 can also be interpreted to be the result of integration from within, namely, the loss upon integration of the dinucleotide AA from the 5' end of the 5' LTR and the loss of the complementary dinucleotide TT from the 3' end of the 3' LTR. The LTRs shown in Fig. 3 are boxed in a fashion that illustrates this possibility. It should be pointed out, however, that establishing that the loss of a dinucleotide from each end of the LTR upon integration occurs awaits the sequencing of the 5' LTR TGAAAGA CATT GTCCGG unintegrated precursor of VL30 DNA. VL30 DNA was flanked by a short tetranucleotide direct repeat (AAGA). During retroviral integration a short host sequence at the integration site is duplicated so that the duplicated sequence appears as a direct repeat flanking the provirus. It is reasonable to assume that the sequence AAGA flanking the VL30 DNA was also duplicated during the process of VL30 integration. Unfortunately, since VL30 is a natural resident of the cell, the nucleotide sequence spanning the point of insertion before VL30 DNA integration was not available to establish this point. The question of whether VL30 LTRs are distinguished by the general structure U3-R-U5 is of particular interest. At the moment there is no evidence that VL30 RNA (30S RNA) is terminally redundant. The data presented above concerning the location of a tRNAPrO binding site suggested that reverse transcription was initiated close to the 5' end of the 30S RNA (and no further than 435 nucleotide base pairs from this end). This conclusion should be viewed in conjunction with a previous observation that a very short (<1 kilobase) polyadenylated VL30 RNA hybridized to the 5' LTR-containing DNA fragment (7) . This suggests that the LTRs were assembled from VL30 sequences derived from both the 3' and 5' ends of 30S RNA. Analysis of retroviral LTRs suggests that LTRs provide functions fundamental to the expression of eucaryotic genes, namely, promotion, initiation, and polyadenylation of transcripts (3, 10, 15, 17, 18 We have carried out a computer-aided comparison between the LTR sequence described here and the LTR of murine leukemia virus (18) . The two LTR units are grossly nonhomologous. However, certain short DNA stretches show some resemblance. For example, sequences at the 3' ends of both LTRs are almost identical (the LTRs share 11 of the 12 3'-terminal nucleotides).
In conclusion, the retrovirus-like nature of VL30 genetic information is strongly reinforced by the sequencing data presented here. Specifically, the detailed sequence arrangement at the junctions with mouse flanking sequences suggests that VL30 DNA uses the same strategy for integration as do proviruses and transposable elements. In addition, the nature of the sequences adjacent to the inner boundaries of 5' and 3' LTRs and their relationships to the primer binding site of the minus and plus strands, respectively, of retroviral DNA strongly suggest a similarity in mechanisms used for LTR synthe-SIS. 
